A perturbation theory has been developed to calculate the transfer of electric field amplitude and phase ripples from the first harmonic to either the second harmonic or the third harmonic. The theory is restricted to steady-state conversion processes. In the case of small phase gradients, the real and imaginary parts of the output harmonic ripple are related to the real and imaginary parts of the input perturbation by a 2X2 matrix. To confirm the validity of the perturbation theory, we have performed an initial set of experiments on the Optical Sciences Laser to investigate the transfer of a weak ripple from the first harmonic to the second harmonic.
RIPPLE PERTURBATION THEORY
The theory describes the conversion of a ripple on the electric field input to the converter to the ripple on the output harmonic. The main part of the input electric field is assumed to be a plane wave; hence, the coefficients of the output harmonic ripple depend on the plane-wave solution of the frequency conversion equations. The full ripple perturbation theory accounts for the following ripple properties:
Amplitude of ripple Phase of ripple Direction of ripple (k-vector) For current converter designs for Beamlet and NIF,1'2 ripple direction affects the conversion only when ripple angles are a few ten's of microradians. For phase ripples of magnitudes of a few hundredths of a wave, these angles occur only when the transverse scale lengths of the ripples are no more than a few tenths of a millimeter. Most of the modulation in Beanilet beams and simulated NIF beams has scale lengths much larger than this. Hence these beams can be analyzed with a simpler version of the ripple transfer theory which ignores ripple direction. This is called the "print-through" model. In this model, the amplitude and phase distributions keep their initial spatial distribution but are scaled by parameters determined from the plane-wave solution for the converter. This part of the theory will be the subject of this paper. The theory will be described in terms of tripling. The converter is considered to consist of 2 units, a doubler and a tripler.
The initial 1 o. electric field is taken to be of the form:
p is the perturbation and is a complex quantity.
The output 3(1) field can be expressed as the product of a field conversion efficiency and a phase factor: E3w= E1T1"2&P3o (3) 11 is in general a function of intensity and beam direction. In the case where ripple direction is neglected, ii is only a function of intensity so it can be written to first order in the perturbation quantities as:
1/2 can then be written to first order in p as:
The phase of the 3o field, q at the tripler output is given by: The plane-wave part of the phase is a constant. The problem is now to relate the components of the perturbation to the phase. To first order in p , the phase of the 3w field depends on the perturbation quantities as follows:
The factor of 3 arises from the fact that in tripling the initial 1w phase is increased by a factor of 3. The factor of v is due to the fact that the residual 1w field coming out of the doubler has a phase3 which depends on the 1w intensity in the doubler. v is given by the following expression:
where 12 = doubler conversion efficiency and v= (9)
AK2 is the plane-wave phase mismatch factor and is non-zero when the doubler is detuned. Thus to first order in p. the 3o electric field is given by: E0 includes the plane-wave phase changes. and for a plane-wave operating point of 4 GW/cm2. The mapping shows that the circle has been mapped onto an ellipse with an eccentricity of about 1 :3. The parameter A has a value close to 1 at the 4 GW/cm2 operating point. The clockwise rotation of the ellipse is caused by the non-zero value of v. If the doubler detuning is zero, the ellipse is oriented vertically. From Equation 1 1, one can see that the real and imaginary parts of the 3co perturbation, p', are related to the real and imaginary parts of the 1w perturbation by a 2x2 matrix.
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The ripple transfer matrix indicates that on the flat part of the plane-wave frequency tripling curve (A approximately equals 1), a phase ripple amplifies much more than an amplitude ripple. These larger phase ripples in turn affect the focusability of the 3w beam.
RIPPLE TRANSFER EXPERIMENTS
We have performed a first set of experiments on the Optical Sciences Laser to verify the ripple transfer theory. The experiments were performed for frequency doubling. A 13-mm KD'P crystal served as the doubler. The input 1w field consisted of a strong main beam and a weak wave tilted at 760 prad to the main wave and having an intensity down by a factor of 0.00 14 relative to the main wave. The form of the input electric field is thus of the form:
where L = 1.31 mm and a =0.0374.
For this type of input field, the ripple theory utilizes an input field of the form: E1 = E0(1 + ae' +$e) (15) and the output field is of the form: E20) = E(l+ aeuJa +fl'e) (16) For frequency doubling, the perturbation coefficients are related by a 2x2 matrix: A has been defined above (Equation 6 ). For the 13 mm KDP doubler, A will be large and positive for low intensities whereas B will be large and negative for operating points with large back conversion (high intensities and large detuning angles). For this latter situation, the ripple theory predicts for just an initial weak wave at 760 jirad that there will be a "conjugate" weak wave in the green. That is to say, a wave at negative half the angle of the input weak wave. In the experiment, we observed a strong conjugate wave when the 1 o intensity was about 5 GW/cm2 and the detuning angle was 500 trad. At low intensities (approximately 1 GW/cm2), the conjugate wave was not observed and the doubled wave at an angle of 380 prad was strong. We have made a comparison between the measured and calculated amplitudes of the wave at 380 prad for the case of low intensities. The ratio of the intensities of the wave at 380 jirad to the main wave were calculated using the ripple theory expression for A and compared to the ratio of the intensity of the measured wave at 380 irad and the main wave. The results are shown in Table I . The first entry in the table is the mean intensity of the input lc.o pulse and the second entry is the doubler detuning angle (j.trad). There is good agreement within the errors of the measurement. A more detailed analysis calculating A at each time value of the pulse and then averaging those values will yield better agreement. 
